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ABSTRACT 
 
 
 
Available bandwidth estimation is useful for route selection in a network environment. 
While many tools has been created to estimate the available bandwidth, mainly by two 
techniques passive and active measurement.  Passive measurement is performed by 
observing the traffic without intruding the network. Active measurement on the other 
hand, will probe the network by generating packet traffic into the network to perform 
the measurement with  the  availability  of  multiple  available  bandwidth  estimation  
tools  around,  the question is which bandwidth estimation tool will be the best to 
perform the task in  a given network situation? Which tools perform the best when 
fluctuation of bandwidth happens in a network?  In  this  research,  the  aim  is  to  test  
a  number  of  bandwidth estimation tools in active method by simulating traffic in a 
real testbed setup in open wireless environment. The focus is wireless environment, 
therefore it will be varies in terms of number of hops and bandwidth between excess 
points. To further test the tools, simulation will also be done on an optimum network 
and network with external traffic where other packet traffic happens to be around 
while the experiment is running. Expected result is dependable on the consistency 
result of each tool when tested with different wireless environment. Further 
recommendation will be given on which tool is suitable to use base on the testing 
result.
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Chapter 1 
 
 
INTRODUCTION 
 
 
1.0 Introduction 
 
 
A wireless computer network (or wireless local area network, for wireless native 
space network, typically noted as field, for native space wireless network) is one within 
which a mobile user will connect with a local area network (LAN) through a wireless. 
The IEEE 802.11 cluster of standards specifies the technologies for wireless LANs. 
802.11 standards use the LAN protocol related is CSMA/CA (carrier sense multiple 
access with collision avoidance) for path distribution and embrace an encoding 
technique, the Wired Equivalent Privacy formula. [1] 
 
Commonly, a home and business WLAN employs one or two access points to 
broadcast a signal around a 100- to 200-foot radius. [2] The wireless technology and 
hardware in this category subscribes to the 802.11a, b, or g standards (also known as 
Wi-Fi); some home and office WLANs now adhere to the new 802.11n standard. [1] 
 
The general used of wireless standard is 802.11g whereby will be used for this 
experimental project. 802.11g standard is the third generation of WLAN that use for 
home and business to give connectivity to the user to connect to the LAN. The first 
generation used is 802.11a continued by 802.11b although nowadays the 802.11n 
already release to be use by home and business user to connect to the LAN. All this 
standard have pros and cons that state at table below. 
  
 
2 
 
802.11 standard 
category 
 
Advantage 
 
Disadvantage 
802.11a  
(up to 54Mbps) 
 Faster data transfer rates  
 More concurrent connections 
supported 
 Low vulnerable to the 
interference 
 Short range (60-100 feet) 
 Less able to penetrate physical 
barriers 
802.11b 
(up to 11Mbps) 
 Better at probing physical 
barriers 
 Longest range (70-150 feet) 
 Hardware is usually less 
expensive 
 Slower data transfer rates  
 Doesn't support as many 
concurrent connections 
 More vulnerable to interference 
802.11g 
( up to 54Mbps) 
 Faster data transfer rates  
 Better range than 802.11b (65-
120 feet) 
 More vulnerable to interference 
802.11n 
(up to 600Mbps) 
The 802.11n standard was already approved by the Institute of 
Electrical and Electronics Engineers (IEEE), as compared to the 
previous three standards. Though specifications may change, it is 
expected to allow data transfer rates up to 600Mbps, and may offer 
larger ranges. 
 
Table 1: Several standards for WLAN. [2] 
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Bandwidth within the network context refers to the quantity of information 
which will be transmitted from one purpose to a different speed during a given period 
(usually in seconds) – data transfer rate. Network information measure metrics is 
expressed in bits (of data) per seconds (bps). Sometimes, during this era wherever 
demand in information measure is far higher, it's typically expressed in bytes per second 
(Bps). However, it ought to be noted and remembered that there's a distinction between 
information measure capability and offered information measure. [3] 
 
Bandwidth capacity refers to the maximum data or throughput that can be 
transmitted on a link or a medium. It is important to understand and identify the 
maximum throughput of a link in network planning to cater the needs of the end user or 
end nodes. For example, for a normal user, it would be sufficient to have a link of Cat5 
(Category 5) Ethernet cable of 100 Megabit per second (Mbit/s). [3] 
 
The bandwidth can be measure by tool to define the speed, accuracy, failure and 
consistency of the network. There are a lot of tools available in the internet but not all 
can be used because due to upgrade of network technology nowadays. The tools can 
help network administrator to monitor the network which will be recommend by 
researcher in this project. 
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1.1 Problem Statement 
 
 
The available bandwidth is a key factor in several network technologies. And in 
some circumstances, bandwidth may be a crucial factor between the success and failure 
of an application. Statistics have shown that in recent years, the growing number of 
Internet users has increased significantly. With the likes of Internet applications such as 
video and audio streaming, online games, video and audio downloading, Voice over IP 
(VoIP) and video conferencing, these has contributed to the increase of Internet users 
and which directly affects the bandwidth causing it to be highly utilize. Plus, with the 
rapid increase in Wi-Fi based devices providing mobility with more and more premises 
having Wi-Fi services, the need for wireless network bandwidth will be in demanding. 
Due to this situation, bandwidth estimation tools will be able to assist network 
administrators or planners to understand and have a clear picture of the available 
bandwidth of the current network connection so that proper measurements and planning 
can be taken to fully optimize the available bandwidth. However, most of the available 
bandwidth estimation tool were developed and tested on Wired LAN. The performance 
of these tools in the realm of wireless networks has not been evaluated extensively. 
Very little or minimal testing have been conducted to test these tools on a wireless 
network environment and most of it were tested on the simulation platform. Hence, an 
experimental test will be conducted to evaluate the bandwidth estimation tools operating 
in the wireless network environment. A comparative analysis will be carried out for the 
following attributes:  
I. Accuracy: This will measure the accuracy of the tool to estimate the available 
bandwidth whether it will over estimate or under estimate the available 
bandwidth.  
II. Failure patterns: This attribute will monitor and measure the reliability of the 
tool’s failure or error prone to estimate the bandwidth throughout the testing 
cycle.  
III. Consistency of measurement: This attribute will measuring the consistency of the 
measurement of the tool as whether it will fluctuate of over estimating or under 
estimating the bandwidth.  
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1.2  Objective 
 
 
This research was conducted to meet three objectives. The objectives of this research 
are: 
 To measure available bandwidth with selected active bandwidth estimation tool 
in multiple network environment. 
 To compare the selected tool based on their estimation preference in multiple 
network environments. 
 To recommend the best bandwidth estimation tools for the given estimation tools 
 
1.3.  Scope 
 
 
Due to the time and resources constraints and issues, this dissertation is limited in the 
following clauses:  
 
 Five bandwidth estimation tools to be analyzed:- ASSOLO (2008), IGI/PTR 
(2003), Pathchirp (2003)  
 IEEE 802.11 as the wireless network standard  
 Bandwidth estimated reading from the tools is used in this experiment 
 Twenty readings will be taken for each tool to ensure consistency in reading and 
data for each experiment analysis.  
 Wireless hardware :- Two laptops with built in wireless 802.11b/g and two 
Linksys E1200 wireless router  
 Experiment environment was done in open network to make sure the real 
situation is involved.  
 Measurements are done generating any traffic on the link where the 
measurements are taken using tools that selected. 
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1.4 Thesis Organization 
 
 
The research consists of five chapters: 
 
Chapters 1 provide the overall overview of the thesis. Here, the problem statement will 
be introduced. Then based on the problem statement, the objective of the research is 
being defined. Lastly, chapter one also will explain about the research scope. 
 
Chapter 2 introduces the hardware and software that will be used in this research 
project. It is mainly focuses on the performance of the bandwidth estimation tools. The 
literature review is organized in a way that readers can understand this.  
 
Chapter 3 explains the methodology that will be used to carry out this research. The 
detail will be elaborated step by step process that is being used to complete the research. 
 
Chapters 4 design the model or know as architecture that will be developed in order to 
perform the test. It then followed with the continuously design on data analysis.  
 
Chapter 5 concludes all the chapters and the recommendations for future researchers 
explain most of the configurations of hardware and software involved in the research. 
Detail test result will be included in this chapter. 
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Chapter 2 
 
 
LITERATURE REVIEW 
 
 
2.0 IEEE Wireless 802.11 Network Technologies 
 
 
The IEEE 802.11 specification (ISO/IEC 8802-11) is an international standard 
describing the characteristics of a wireless local area network (WLAN). Wireless local 
area network is also known as Wireless Fidelity (Wi-Fi). The name Wi-Fi sometimes 
incorrectly shortened to “WiFi” corresponds to the name of the certification given by 
the Wi-Fi Alliance, formerly WECA (Wireless Ethernet Compatibility Alliance), and 
the group which ensures compatibility between hardware devices that use the 802.11 
standard. Today, due to misuse of the terms and for marketing purposes, the name of the 
standard is often confused with the name of the certification. A Wi-Fi network, in 
reality, is a network that complies with the 802.11 standard. [5] 
 
With Wi-Fi, it is possible to create high-speed wireless local area networks, provided 
that the computer to be connected is not too far from the access point. Wi-Fi can be 
used to provide high-speed connections to laptop computers, desktop computers, 
personal digital assistants (PDAs) and any other devices located within a radius of 
several dozen meters indoors or within several hundred meters outdoors. [5]. The Speed 
of connection in general is 11 Mbps or greater because depend on technology used. The 
nodes in general can access the Wi-Fi with radius of 20m to 50m away. 
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2.1  Available Bandwidth 
 
 
Bandwidth capacity refers to the maximum data or throughput that can be 
transmitted on a link or a medium. It is important to understand and identify the 
maximum throughput of a link in network planning to cater the needs of the end user or 
end nodes. The available bandwidth (ABW) at a link is its unused capacity. (See Figure 
1 for the definitions used in this paper.) Since, at any time, a link is either idle or 
transmitting packets at the maximum speed, the definition of the available bandwidth 
ought to look at the average unused bandwidth over some time interval T. Thus,  
 
 
Figure 1: Available bandwidth formula used in previous research [4] 
 
Where Ai (t; T) is the available bandwidth at link i at time t, Ci is the link's capacity, 
and λi is its traffic. The available bandwidth along a path is the minimum available 
bandwidth of all traversed links. [4] 
 
However, in the context of Internet path, it refers to the data or throughput that 
can be obtained by a transport protocol over that path. In short, it refers to the unused 
capacity of a link. Each paths available bandwidth relies heavily on the share of that 
path’s bandwidth at a bottleneck link which is usually the slowest point in an end-to-end 
connection. Available bandwidth will be the crucial portion as business relies on 
available bandwidth and has recently received significant attention. It is important to 
determine or measure the available bandwidth as it will enable network planners to 
optimize resource utilization in traffic engineering and for admission control in quality 
of service (QoS), thus, maximizing profit and reduces cost to purchase for higher 
bandwidth.  
  
There are mainly two techniques to estimate the available bandwidth – passive 
and active measurement. Passive measurement is performed by observing the traffic 
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without intruding the network. Active measurement on the other hand, will probe the 
network by generating packet traffic into the network to perform the measurement. And 
in order to be able to measure or determine the available bandwidth actively, a 
bandwidth estimation tool needs to be used to perform the task. However, there are 
multiple bandwidth estimation tools that are available that could be used. But the 
question will be which bandwidth estimation tool will be the best to perform the task.  
 
2.2 Impact for Different Environment 
 
 
Wireless communication environment can be made in 802.11a, 802.11b, 802.11g and 
802.11n. The 802.11g environment provides performance that may be similar to that of 
the 802.11a Wi-Fi standard that operates within the 5-GHz band, whereas providing 
backward compatibility with the gift 11-Mbps 802.11b standard. this combination of 
higher performance and backward compatibility is comparable in idea to the wildly 
productive and now-ubiquitous 100-Mbps Fast Ethernet standard from the wired LAN 
world.  
 
In term of speed, each of environment will give a different speed but also depend on 
technology used whether 802.11a, 802.11b, 802.11g and 802.11n. The 802.11g is the 
most used today that give 54 Mbps maximum speed to user. The technology is also 
known as physical standards are that meaning to the 802.11 standard and offer 
different modes of operation, which lets them reach different data transfer speeds 
depending on their range. 
 
Standard Frequency Speed  Modulation 
WiFi a (802.11a) 5 GHz 54 Mbit/s OMDF 
WiFi B (802.11b) 2.4 GHz 11 Mbit/s DSSS 
WiFi G (802.11g) 2.4 GHz 54 Mbit/s DSSS & OMDF 
WiFi N (802.11n) 2.4 GHz & 5 GHz 600 Mbit/s MIMO-OMDF 
Table 2: Characteristics of Wireless Technology  
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2.2.1 802.11g Standard 
 
 
The 802.11g standard can transmit maximum data transfer speed of 54 Mbps at ranges 
equal to those of the 802.11b standard. The 802.11g standard uses the 2.4GHz 
frequency range with OFDM. This standard is compatible with 802.11b devices, with 
the exception of some older devices [5] 
 
The Speed by hypothetical Indoors range Outdoors range 
54 Mbits/s 27 m 75 m 
48 Mbits/s 29 m 100 m 
36 Mbits/s 30 m 120 m 
24 Mbit/s 42 m 140 m 
18 Mbit/s 55 m 180 m 
12 Mbit/s 64 m 250 m 
9 Mbit/s 75 m 350 m 
6 Mbit/s 90 m 400 m 
 
Table 3: Hypothetical Speed for range in 802.11g 
 
2.3 Active Bandwidth Estimation Tools 
 
 
A bandwidth estimation tool is tools that can measure the bandwidth within end to end 
user or nodes. There is lot of tools that have been developed to measure the bandwidth 
available in the network. This tool will help administrator to measure the bandwidth 
reading due the network. The tool also can help administrator to define which network 
have a problem when the tools is tested to the specific network. 
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2.3.1 Assolo 
 
End-to-end available bandwidth estimation is incredibly important for bandwidth 
dependent applications, quality of service veriﬁcation and trafﬁc engineering. Although 
many techniques and tools are developed in the past, producing reliable estimations in 
period of time still remains challenging - it's necessary to ensure that the measurement 
method is accurate, non-intrusive and robust to non-deterministic delays or trafﬁc 
bursts. 
ASSOLO could be a new active probing tool for estimating available bandwidth based 
on the concept of "self-induced congestion". ASSOLO features a replacement inquisitor 
traffic profile known as REACH (Reflected Exponential Chirp) which tests a large 
range of rates being a lot of accurate in the center of the inquisitor interval. Moreover, 
the tool runs inside a real-time operating system and uses some de-noising techniques to 
improve the activity method. Experimental results show that ASSOLO outperforms 
Pathchirp, a progressive measurement tool, estimating available bandwidth with larger 
accuracy and stability [6] 
 
Figure 2: Assolo; Example of ARPA Network that use in previous research   
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2.3.2 (Initial Gap Increasing / Packet Transmission Rate) 
 
This is an end-to-end available bandwidth measurement tool that uses active packet-
train probing. Available bandwidth is defined as the residual bandwidth on the path, 
which can be calculated as path capacity minus path load. Using active probing to get 
accurate network measurement, we need carefully tune the probing parameters; probing 
packet size, number of probing packets, and initial probing gap. 
 
Although all these parameters are important to induce correct measurement, initial 
probing gap is the most significant parameter to control for accurate available 
bandwidth measurement. the most accurate measurement is obtained when the packet-
train sending rate at source equals its inbound rate at destination, where the initial 
packet combine gap that provides a high correlation between the packet gap changes 
and also the competing traffic throughput on the tight link. This IGI/PTR tool is 
intended supported this insight. IGI and PTR share the probing procedure, which is 
illustrated in the right figure. the main difference between them is that IGI focuses on 
calculating background traffic load, whereas PTR directly calculates packet 
transmission rate, to estimate end-to-end available bandwidth.[10] 
 
 
Figure 3: Algorithm of IGP   
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2.3.3 Pathchirp 
 
Pathchirp is an active probing tool for estimating the available bandwidth on a 
communication network path. Based on the construct of "self-induced congestion," 
Pathchirp features an exponential flight pattern of probes we call a chirp. Packet chirps 
supply many significant benefits over current probing schemes based on packet pairs or 
packet trains. By rapidly increasing the probing rate among every chirp, Pathchirp 
obtains a rich set of data from which to dynamically estimate the available bandwidth  
[7] 
 
 
 
Figure 4: General architecture of Pathchirp 
 
 
 
Figure 5: Architecture used for Pathchirp in the last research at Rice University  
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2.4 Comparison of other research 
 
 
2.4.1 Assolo, a New Method for Available Bandwidth Estimation  
 
This journal was written by Emanuele Goldoni, Giuseppe Rossi and Alberto Torelli that 
have been done in controlled environment. In this research, the researcher run the tool 
inside a real-time operating system and uses some de-noising techniques to improve the 
measurement process. The available bandwidth of a network path is a crucial metric in 
quality-of-service management, traffic engineering or congestion control. The 
measuring method used is tests a large varies of rates being more accurate in the 
center of the probing interval. Experimental results show that ASSOLO outperforms 
Pathchirp, a state of the art measuring tool, estimating available bandwidth with bigger 
accuracy and stability [6] 
 
2.4.2 Comparative Analysis of Active Bandwidth Estimation Tools 
 
This journal was written by Federico Montesino-Pouzols. This research is comparing 
several tools that consist of Cprobe, IGI/PTR, NetDyn, pathChrip, Pathload and others 
to analysis the bandwidth in the network. Several hosts at a LAN environment within a 
research institution connected to the Spanish NREN environment. The main of the made 
public is comparative analysis of progressive active inquiring tools for bandwidth 
estimation. The measuring technique is made public, ignoring implementation details of 
tools. These tests have been through with the aim to develop a set of practices, 
procedures and tools for the comparative analysis of active bandwidth estimation 
techniques and tools. As a result from the tests dole out, variety of failure conditions for 
the analyzed tools have been identified, in addition because the dependency of the 
estimates accuracy on factors like system load and network path properties [9] 
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2.4.3 Pathload: A measurement tool for end-to-end available bandwidth 
 
 
This journal was written by Manish Jain and Constantinos Dovrolis. This research is 
conduct by using Pathload to measure available bandwidth in the network. From the 
study that have been made from this last research, the available bandwidth of a network 
path is the maximum throughput that can provide to a flow, without reducing the 
throughput of the cross traffic in the path .The basic idea in Pathload is that the 
unidirectional delays of a periodic packet stream show increasing trend, once the stream 
rate is larger than the on the market information measure. The conclusion that found 
from this analysis is obtainable information measure measurements may be useful in 
transport protocols, dynamic server and proxy selection, adaptive reconguration of over-
lay networks, and in rate-adaptive streaming applications. [8] 
 
2.4.4 Pathchirp: Efficient Available Bandwidth Estimation for Network Paths 
 
 
This journal was written by  Vinay J. Ribeiro,Rudolf H. Riedi,Richard G. Baraniuk Jiri 
Navratil and  Les Cottrell. This Research is about Pathchirp whereby this is active 
probing tool for estimating the available bandwidth on a communication network path. 
Based on the concept of “self-induced congestion,” Pathchirp structures is an 
exponential flight pattern of probes that called a chirp. Packet chips offer several 
necessary returns over current probing schemes based on packet pairs or packet trains. 
By quickly increasing the probing rate within each chirp, Pathchirp acquires a rich set of 
information from which to dynamically estimation the available bandwidth. Since it 
uses only packet inter rival times for estimation, Pathchirp doesn't require synchronous 
nor highly stable clocks at the sender and receiver. The researcher take a look at 
Pathchirp with simulations and internet experiments and realize that it provides sensible 
estimates of the available bandwidth while using only a fraction of the number of probe 
bytes that current progressive techniques use. [7] 
 
 
 
